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The 1974 New England Intercollegiate Geological Field Conference is 
headquartered at Orono for the purpose of examining the geology of north- 
central and east-central Maine. Excursions have been arranged to cover 
the stratigraphy, Sedimentology, structural geology, metamorphic and 
igneous petrology, mineral deposits, and glacial geology of the region.
In order to provide participants with an appropriate background to 
better appreciate the field trips a broad overview of the regional geology 
is presented. To this end a tectonic map showing the pertinent geologic 
features appears as Figure 1.
In the construction of Figure 1 and in the description that follows,
I have drawn heavily on the work of my colleagues at this meeting and on 
that of many others who have worked in Maine and elsewhere in the northern 
Appalachians. These people have taken part in stimulating and sometimes 
heated discussions on the geology of north-central and east-central Maine 
and have had a major part in developing my understanding of the region.
No attempt has been made to credit these individuals in the text, although 
the author can claim few of the ideas presented as being originally his. 
Instead, a bibliography is listed below which represents the primary sources 
for many of the data presented in the Foreword.
Precambrain rocks are confined to the Liberty-Orrington anticline and 
a small horst in Penobscot Bay (Fig. 1). The Precambrian rocks of Penobscot 
Bay consist of metamorphosed schist and marble intruded by pegmatites 
for which radiometric ages indicate a date of approximately 600 my (Stewart, 
this volume). Feldspathic gneisses and schists in the core of the Liberty- 
Orrington anticline have been designated as Precambrian because they have 
been metamorphosed to high grade prior to the intrusion by granites of 
Ordovician age (Wones, this volume) and to the development of faults and 
later metamorphlsm.
Cambro-Ordovician rocks have been divided into three sequences: the 
Connecticut Valley sequence consisting of noncarbonaceous schist and meta­
sandstone, metavolcanic rocks, black pyritiferous schist, and metagraywacke; 
the Penobscot Bay sequence consisting of metaconglomerate, noncarbonaceous 
schist, and black pyritiferous schist (Metavolcanics make up only a minor 
part of this sequence.); and the Rockland sequence consisting of noncar­
bonaceous schist, quartzite, marble, and metaconglomerate. The Penobscot 
Bay and Rockland sequences are juxtaposed along faults, but these two 
sequences are nowhere contiguous with the Connecticut Valley sequence. 
Exposures of the Connecticut Valley sequence lie northwest of a line passing 
through Lewiston and Bangor (Fig. 1), whereas the Penobscot Bay and Rockland 
sequences are restricted to exposures southeast of that line.
The Connecticut Valley sequence ranges in age from Cambrian to Middle 
Ordovician (Caradoc). The Rockland sequence, although different in lithic 
sequence, contains fossils that have been assigned to the Caradoc as well-
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Presumably the Rockland sequence ranges in age from Cambrian to at least 
Caradoc. The Penobscot Bay sequence contains no fossils, but its uppermost 
unit has been traced in, reconnaissance into the Oak Bay Formation of Arenig
age near St. Stephen, N.B.
The presence in close proximity of the three different sequences pro­
vides a basis for interesting speculations. The three sequences could have 
been deposited in the same basin as contiguous sediments with intertonguing 
relationships. The present juxtaposition of the Penobscot Bay and the 
Rockland sequences would be explained by a combination of thrust and high- 
angle faulting. Alternatively, it is tempting to correlate the Penobscot 
Bay sequence on the basis of stratigraphy to the Cambro-Ordovician sections 
at St. Johns, N.B. and to those on the Avalon Peniusular in Newfoundland.
On this basis the Penobscot Bay sequence may be Euro-African and the Connecticut 
Valley sequence may be typical of American deposition during Cambro-Ordovician 
time. According to this speculation the two sequences were brought together 
by plate motions in post-Middle Ordovician time. In this case the trace of 
the suture separating the two continents must lie approximately along the 
line between Lewiston and Bangor (Fig. 1). The Rockland sequence could re­
present a facies variant of either the Connecticut Valley or the Penobscot 
Bay sequence which has been faulted into its present position.
Silurian flysch-like sedimentary rocks dominate the geology of north- 
and east-central Maine. These deposits are in contact with different lithic 
units of the pre-Silurian section at different places. Some of these con­
tacts have been interpreted as normal contacts, others as faults, and many 
have relationships that are incompletely understood. However, the regional 
relationships suggest the possibility of an unconformity at the base of the 
Silurian section, particularly in northwest and southeast directions toward 
the margins of the Silurian depositional basin. It is to be noted that if 
the Silurian section (deposited in a narrow trough) is unconformable on 
pre-Silurian rocks of both the American and the Euro-African plates, the 
continental segments of the two plates must have made contact before Siluriar
time.
The Silurian deposits have been divided into three facies: a conglo-
merate-graywacke facies, a slate-quartz wacke facies, and a limestone-slate 
facies. These rocks exhibit graded bedding, cut-and-fill features, flutes, 
and slump structures. The arrangement of the facies (Fig. 1) along with 
observations of a limited number of current direction indicators suggest 
that the major source for Silurian sediments was from the northwest. The 
limestone-slate facies in the vicinity of Presque Isle and Houlton partly 
interfingers and partly underlies the slate-quartz wacke facies. The lower 
part of the limestone-slate facies is Ordovician.
To the northwest of the basin containing flysch-like sedimentary
rocks, the Silurian is thin and consists of shallow water conglomerates, 
limestones, limy slates, and felsic to mafic volcanic rocks. Rocks 
belonging to this shallow water facies crop out along the northwest 
flank of the Weeksboro-Lunksoos Lake anticline (Fig. 1). Somewhat similar
rocks are exposed in the outer islands of Penobscot Bay. These rocks
are likewise of shallow water origin consisting of conglomerate, sandstone,
vi
shale, limestone, and, east of the map in Figure 1, of felsic to mafic 
volcanics.
The distribution of facies in rocks of Silurian age indicates that 
the basin containing flysch-like deposits which trends northeast through 
Maine (Fig. 1) is bounded both northwest and southeast by thin, shallow 
water, clastic and volcanic sequences. These thin marginal basin deposits 
are thought to have been formed on geanticlines underlain by Lower 
Paleozoic and Precambrian rocks. The northwestern margin may have been 
bounded by thrust or high-angle faults that were continuously active in 
the Silurian to provide a source area for the conglomerate-graywacke 
deposits which border it to the southeast.
Stratified rocks of Early Devonian age (primarily Siegenian) are 
predominantly flysch-like in character, although a volcano-clastic and 
a post-orogenic conglomeratic facies are also recognized. The flysch-like 
rocks include (1) the cyclically bedded sandstone-slate sequence that 
comprises the great expanse of Seboomook Formation of north-central Maine 
and (2) the fragmented parts of deltaic deposits consisting mostly of 
graywacke and sparse conglomerate. The cylically bedded sandstone-slate 
sequence partly underlies and partly interfingers toward the east with 
the deltaic deposits (Fig. 1). These relationships combined with some 
current direction data suggest that the Lower Devonian flysch-like sedi­
ments were derived from the east with the deltaic deposits having a 
regressive relationship to the cyclically bedded sedimentary rocks.
Early Devonian (Geddinian?) volcano-clastic rocks occupy much ground 
in the vicinity of Penobscot Bay and the outer islands to the east (Fig. 1) 
This sequence includes felsic and mafic flows, agglomerates, and sparse 
sandy units with a thickness far less than that of the flysch-like se­
quence. Volcano-clastic rocks of identical age crop out near Presque Isle 
where they underlie and interfinger with what may be equivalents of the 
lower parts of the flysch-like facies.
Post-orogenic conglomerates of Middle Devonian age unconformably 
overlie older rocks south of Presque Isle and east of Orono along the 
Normbega fault (Fig. 1).
The distribution of sedimentary rocks within the flysch-like facies 
indicates that the basin of deposition for Lower Devonian time lies within 
and to the northwest of the area of Figure 1. The deltaic deposits have 
an off-lap relationship to the cyclically bedded sandstone-slate deposits 
and indicate a geanticlinal source "o the east and southeast. A volcano- 
clastic sequence developed on the geanticline contemporaneously with the 
deposition of flysch-like sediments to the northwest. It is not clear 
whether the volcanic rocks at Presque Isle were once contiguous with those 
of Penobscot Bay along a north-trending geanticline or whether they were 
deposited along a northeast-trending volcanic ridge within the basin of 
flysch-like deposition.
Structural features of regional significance include those folds and 
faults shown in Figure 1. Several major anticlines are shown along with 
the traces of smaller folds in areas where they have been delineated.
The oldest folds recognized are east-facing recumbent folds with 
amplitudes measured in thousands of feet. Such folds have been mapped 
only in the coastal region, but observations in central Maine suggest 
that recumbent folds are also present there. No recumbent structures have 
been reported from north-central Maine.
Upright, isoclinal folds are prevalent throughout the region and 
overprint the recumbent folds to an extent that makes observation of the 
recumbent folds difficult. Mesoscopic isoclinal folds have amplitudes 
of tens of feet, but these mesoscopic folds must be in the limbs of 
larger folds with wavelengths measured in miles and amplitude of the order 
of 1000-2000 feet in order to explain the mapped distribution of lithic 
units. Forces that first compressed and flattened the isoclinal folds 
then buckled the section thickened by isoclinal folding producing the long, 
open folds. The axial traces of these folds mostly trend northeast. The 
Liberty-Orrington anticline and the Weeksboro-Lunksoos Lake anticline in 
large part were formed in this folding.
More-or-less upright folds with north-trending axial surfaces overprint 
all older folds. This folding is manifest only as minor folds in central 
and coastal Maine. No major folds with styles and orientations appro­
priate to this deformation have been mapped in this area, however, the 
Aroostook-Matapedia anticline in north-central Maine (Fig. 1) has a trend 
that is appropriate for it. Moreover, its trend is at a large angle to 
that of the Weeksboro-Lunksoos Lake anticline which is interpreted as an 
earlier fold.
The traces of the major folds define sigmoidal patterns in east- 
central Maine at the lattitude of Skowhegan and in north-central Maine 
west of Houlton (See Pavlides, this volume). These patterns may be due 
to late flexure of the axial surfaces of earlier folds; may be due to 
changes in the stress field with geography, perhaps related to the configura 
tion of the basement; or it may be due to interference patterns of northeast 
trending and north-trending folds.
The three groups of folds with distinctly different styles and 
orientations deform the Silurian rocks of central Maine and rocks that 
have tentatively been assigned to the Devonian in coastal Maine. The recum­
bent folds and the northeast-trending folds are cut by plutons that have 
been dated as Middle Devonian. On this basis the recumbent folds and 
northeast-trending folds formed in Lower Devonian time. Relationships 
between the north-trending folds and the plutons is not clear, and it is 
possible that they post-date the intrusion of the plutons. The pre-Silurian 
rocks probably contain structures that predate those described above, but 
the heavy overprint of Devonian deformation has made their recognition 
difficult.
In addition to folds, thrust faults and many high-angle faults 
have been delineated on Figure 1. Two thrust faults have been mapped 
in the vicinity of Rockland. The earlier thrust fault is related to 
recumbent folding, whereas the younger thrust fault is related to more 
upright folding. The thrust fault indicated northwest of Houlton may 
have been formed as a result of the interaction of the Aroostook-Matapedia 
and Weeksboro-Lunksoos Lake anticlines. The thrust faults are thought 
to be the same age as the folds with which they are associated.
High-angle faults are numerous both in north-central and in coastal 
Maine (Fig. 1). Such faults may be more abundant over much of the re­
gion, but poor exposure has made their delineation difficult. The high- 
angle faults in north-central Maine are mostly due to adjustments resulting 
from the interaction of the north-trending Aroostook-Matepedia anticline 
across the northeast-trending Weeksboro-Lunksoos Lake anticline. The 
high-angle faults mapped in the coastal region separate a series of horsts 
and grabens, although some of the boundary faults may have considerable 
strike-slip movement (Stewart, this volume). The high-angle faults have 
at least three ages: the oldest were formed prior to the intrusion of Middle 
Devonian plutons; those of intermediate age cut the plutons but do not 
offset isograds of the Permian (?) regional metamorphlsm; the youngest 
faults post-date the Permian (?) regional metamorphlsm and the intrusion 
of Triassic (?) mafic dikes.
Plutonic rocks of various compositions and ages occur in north-central 
and east-central Maine (Fig. 1). The older plutons intrude the Cambro- 
Ordovician sequences but not the Siluro-Devonian section, and on the basis 
of a few radiometric dates are considered to be of Ordovician age (Wones, 
this volume). A large Ordovician pluton of granodiorite crops out in the 
Weeksboro-Lunksoos Lake anticline and a smaller pluton of pegmatitic 
granite crops out in the Liberty-Orrington anticline.
Plutons that clearly cut the Siluro-Devonian sequence are more abundant 
than the earlier plutons. Radiometric ages of the "granitic11 plutons show 
considerable scatter, the cause of which is somewhat uncertain. If these 
plutons represent a single episode of intrusion, their age can be set 
approximately at 380+25 my. Field observations show that rocks registering 
dates within this time range are of two ages - an older set of granites and 
graniodiorites that are intruded by younger granites and quartz monzonites.
Various mafic and ultramafic plutons are present in the coastal region 
(Fig. 1). These plutons range from serpentinites and pyroxenites to 
layered gabbro. Although some of these clearly intrude Lower Devonian 
rocks, it is not clear that they are all so young. Some are older than 
the felsic plutons of Devonian age. A few mafic dikes with chilled margins 
are thought to be of Triassic (?) age.
The metamorphic intensity increases regionally toward the south, and 
in contact aureoles it increases toward Devonian plutons. The contact 
aureoles contain andalusite and locally sillimanite in pelitic rocks and
ix
calcsilicate minerals in carbonate-bearing rocks. The regional metamorphlsm 
may be due to the superposition of effects from several episodes of meta­
morphlsm. The sillimanite isograd shown in Figure 1 most likely expresses 
the summation of these effects. The rocks in the core of the Weeksboro- 
Lunksoos Lake anticline were recrystallized to low grade before deposition 
of Middle Ordovician rocks, and the Precambrian and Cambro-Ordovician rocks 
of east-central Maine were probably metamorphosed before the deposition of 
Siluro-Devonian rocks, although here the effects are difficult to sort out 
because of subsequent higher grade metamorphlsm. The Siluro-Devonian rocks 
along with the older rocks were subsequently recrystallized by Buchan-type 
metamorphlsm that is largely responsible for the regional distribution of 
isograds. This pervasive metamorphlsm is thought to post-date the Devonian 
plutonism on the basis of the decay of the K-Ar dates in the plutons located 
in metamorphic terrains of high grade, and on the basis that several plutons 
are cut by faults that do not displace the regional isograds. Plutons 
located in metamorphosed terrain of highest grade display K-Ar ages of 
250 4- 10 my with high frequency, and these dates are interpreted as having 
been~reset by the metamorphic event giving a maximum age of permian to the
metamorphism.
Quaternary deposits form a nearly ubiquitos cover. The deposits in 
the coastal region were left during the recession of the Late Wisconsin ice
sheet, between 13,500 and 12,300 years ago. These deposits include wide
spread emerged marine deltas, strandline and/deeper water sediments, ex­
tensive systems of stratified moraines and small washboard moraines. The 
inland region is characterized by ground moraine, eskers, and other ice 
contact deposits, all overlain by a discontinuous cover of marine clays
and silts.
The field trips deal with various aspects of the geology so broadly 
developed above. The reader will note that differing conclusions and 
interpretations have been reached in the course of the detailed work by 
different geologists, but these differences are a healthy sign that 
fruitful work is actively in progress. Additional work is still needed, 
including topical studies, to illucidate some of the questions and am­
biguities which prevent deciphering the geologic history of Maine.
Philip H. Osberg 
Editor
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